Introduction {#sec1}
============

Almost every cataract surgeon has come up against a situation during the postoperative period when even though the primary goal -- improvement of visual acuity -- has been achieved, the patient feels frustrated because of a subjective discomfort in the operated eye. Sometimes this is a more important issue for the patient than a perfect visual outcome. Although it has been established that the ocular surface is affected during the postoperative period, there is still no generally accepted opinion about the changes in tear osmolarity after cataract surgery despite several studies dedicated to evaluation of these changes.[@bib1], [@bib2] The present study was designed to evaluate the effect of cataract surgery on the characteristic features of ocular surface health, including tear film osmolarity and reflex tear flow in the early postoperative period.

Methods {#sec2}
=======

This prospective study was conducted in the Pauls Stradins Clinical University Hospital Ophthalmology Department, Riga, Latvia, during the period from May 1 to May 31, 2017. The study excluded patients with the following dry eye symptoms: foreign body sensation, stinging, redness, burning, scratchy sensation, excessive tearing/watery eyes, stringy mucus in or around the eyes, sensitivity to light, and eye fatigue. Patients with diabetes, pseudoexfoliation syndrome, pterygia, contact lens wearers and any eye drop users were also excluded from the present study. The study was performed in accordance with the Declaration of Helsinki and approved by the Institutional Ethics Review Board of Riga Stradins University (acceptance n. 29 decision date 30.03.2017). Informed consents were obtained.

Both eyes of the patients were examined for tear film osmolarity using the TearLab Osmolarity System (TearLab Corporation, San Diego, CA, USA) and reflex tear flow using the Schirmer test without anesthetic eye drops (Schirmer I test). The non-operated eyes of the same patients represented the control group. In order to avoid any external influence on the measurements, the tear osmolarity and Schirmer I tests were performed 2 h before surgery, before any anesthetic or mydriatic drops were used. Standard phacoemulsification surgery was performed under sub-Tenon anesthesia using lidocaine/bupivacaine solution. All surgeries were performed by the same surgeon with Infinity phaco machine (Alcon, Fort Worth, TX, USA). After the surgery, the patients received subconjunctival dexamethasone and gentamicin. In addition, all patients were treated with topical levofloxacin drops starting the day after surgery (Oftaquix, Santen, Japan). On day 1 of the postoperative care, before any eye drops were administered, the tear osmolarity and reflex tear flow were tested. Both tests were repeated 1 week and 1 month after the surgery. To avoid the influence of medical eye drops, the tests were performed at least 2 h after the last application of medication.

Statistical analyses were performed using IBM SPSS, version 22.0 (IBM Corporation, Endicott, New York, U.S.). The data is presented in the form of means and standard deviations (SD). Both groups were compared using paired *t*-test. The result changes in each group were evaluated by repeated measures analysis of variance (ANOVA). The *P* \< 0.05 was chosen as statistically significant.

Results {#sec3}
=======

The study included 37 patients, of which 16 (43.2%) were males and 21 (56.8%) were females. The average age was 73.1 ± 11.98 years. Preoperative tear osmolarity differed slightly, measuring 301.2 ± 15.09 mOsm/L in the study group and 302.3 ± 14.21 mOsm/L in the control group (*P* = 0.2). The mean preoperative Schirmer I test values were 13.4 ± 10.50 mm in the study group and 13.7 ± 10.79 mm in the control group (*P* = 0.6). On postoperative day 1, tear osmolarity was significantly below the reference range in all patients of the study group. The TearLab measurement range is linear ranging between 275 and 400 mOsm/L. Test results outside this range are reported as either "Below Range," i.e., below 275 mOsm/L, or "Above Range," i.e., above 400 mOsm/L.[@bib3] Due to the failure to obtain any reliable numerical values, because in the morning after the surgery all patients recorded a "Below range" result, the measurement of 275 mOsm/L, being the lowest value possible to register using TearLab, was used as the mean value for further statistical analysis to describe the test results of the study group. The mean tear osmolarity in the control group was slightly increased to 303.1 ± 13.68 mOsm/L on the postoperative day 1 (*P* = 0.008), compared to the preoperative results. The Schirmer I test results in the study group on the postoperative day 1 were increased by more than 6 mm to 19.9 ± 9.73 mm, with a 2-mm increase to 15.7 ± 10.19 mm in the control group (*P* = 0.01). Tear osmolarity 1 week after the surgery increased to 311.8 ± 14.85 mOsm/L in the study group, while the osmolarity in the control group remained unchanged at 301.7 ± 11.84 mOsm/L (*P* = 0.013). The Schirmer I test results also differed between the groups: 15.8 ± 9.37 mm in the study group and 13.9 ± 10.19 mm in the control group (*P* = 0.07). One month after the surgery, tear osmolarity results returned to preoperative levels of 303.2 ± 13.83 mOsm/L in the study group. The osmolarity in the control group remained almost the same as in the first postoperative week, at 301.3 ± 12.39 mOsm/L (*P* = 0.1). The same pattern was observed for Schirmer I test results. Measurements in the study group returned to the preoperative level of 14.1 ± 8.91 mm versus the control group at 13.4 ± 10.55 mm (*P* = 0.41) ([Table 1](#tbl1){ref-type="table"}; [Fig. 1](#fig1){ref-type="fig"}, [Fig. 2](#fig2){ref-type="fig"}).Table 1TearLab and Schirmer test results before and during first postoperative month.Table 1TestGroupsBefore operationNext morning1 week after1 month after*P*-value*η*^2^TearLab (mOsm/L)Control group Mean ± SD; (min-max)302,32 ± 14,21; (276--337)303,08 ± 13,68; (280--346)301,70 ± 11,84; (280--333)301,29 ± 12,39; (276--329)0,200,04Research Mean ± SD; (min-max)301,19 ± 15,09; (276--333)37 patients Below Range \<275,0;311,81 ±14,85 (281--351)303,16 ± 13,83 (280--332)\<0,0010,79Schirmer I test (mm)Control group Mean ± SD; (min-max)13,65 ± 10,79; (2--35)15,65 ± 10,19; (5--35)13,87 ± 10,19; (3--35)13,47 ± 10,55; (3--35)\<0,0010,19Research Mean ± SD; (min-max)13,43 ± 10,5; (2--35)19,89 ± 9,73; (6--35)15,81 ± 9,37; (4--35)14,12 ± 8,91 (3--35)\<0,0010,44[^1]Fig. 1Tear osmolarity before and after cataract surgery.Fig. 1Fig. 2Schirmer test results before and after cataract surgery.Fig. 2

Comparison of the results in the study group before surgery, and 1 day, 1 week, and 1 month after the surgery showed statistically significant changes in tear osmolarity \[*P* \< 0.001, repeated measures ANOVA, effect size (η^2^) 0.79\], while the osmolarity in the control group showed no statistically significant changes (*P* = 0.2, repeated measures ANOVA, η^2^ = 0.04). The Schirmer I test results demonstrated statistically significant changes in both groups during the first postoperative month (*P* \< 0.001, repeated measures ANOVA); the effect size was 0.44 in the study group and 0.19 in the control group, accordingly. Comparison of the tear osmolarity changes between the study and control group revealed a significant difference at postoperative day 1 (*P* = 0.008, paired *t*-test) and week 1 after the surgery (*P* = 0.013, paired *t*-test), while the difference between the groups in the Schirmer I test results was significant only on postoperative day 1 (*P* = 0.01, paired *t*-test).

Discussion {#sec4}
==========

To make the present study results more reliable and patients\' tear film less affected, contact lens wearers were excluded, because the literature is divided over whether use of contact lenses increases[@bib4], [@bib5], [@bib6] or has no effect on tear osmolarity.[@bib7], [@bib8], [@bib9] The differences in the reported results are likely to be based on the wearers' ability to maintain homeostasis of their tear film thus coping with the drying effect of the contact lenses.[@bib4] For the study to be more objective, all patients with diabetes were also excluded because diabetes has been found to increase tear osmolarity.[@bib10], [@bib11] Different ocular conditions also seem to have different effects on tear film osmolarity. For instance, eyes with pseudoexfoliation syndrome, a condition that is thought to alter goblet cell activity and mucin production, reportedly show increased tear osmolarity when compared to the control group.[@bib12] Eyes of patients with pterygia, a predominantly inflammatory condition, also show increased tear osmolarity when compared with the control group.[@bib13] And finally, eye drops have shown various effects on tear osmolarity. Glaucoma medications increase tear osmolarity, which perhaps is due to the preservatives, while such medications did not have a significant effect on tear film breakup time or Schirmer test results.[@bib14] Artificial tears were noted by several studies to decrease tear osmolarity,[@bib15], [@bib16], [@bib17] but one study found no correlation between osmolarity and the use of artificial tears.[@bib18] This may be an important factor, because the type of eye drop can affect tear osmolarity.[@bib17] For instance, lower osmolarity eye drops have been associated with lower tear osmolarity.[@bib19], [@bib20] The effect of anti-inflammatory medication on tear osmolarity is less clear, especially because the studies evaluating such effect were limited to a small sample size and the lack of a control group or randomization.[@bib21], [@bib22], [@bib23]

A significant decrease in tear osmolarity on the postoperative day 1 and an increase one week later could be explained by the ocular surface response to significant irritation in the early postoperative period. The etiology of changes in tear film quality is multifactorial. Patient age plays a role, besides, every surgery -- even minimally invasive cataract surgery -- causes damage to tissue and elderly patients may take longer to recover from surgically-induced ocular trauma.[@bib24] Furthermore, tissue damage induces inflammation. In peer-reviewed literature over the last decade, increasing evidence has shown the role of inflammation in dry eye disease/ocular surface disease in both animal models and humans.[@bib25] Moreover, the influence of phacoemulsification thermal energy on corneal endothelial cells, as well as the irritant effect of bright light exposure during surgery, must be considered. Eye drops with preservatives used in the postoperative period also have an effect on tear film.[@bib21], [@bib22], [@bib23] In summary it can be said that dry eye disease is likely to occur in the early period after cataract surgery. As stated in the International Dry Eye WorkShop (DEWS) in 2007: "Dry eye disease is a multifactorial disease of the tears and ocular surface that results in symptoms of discomfort, visual disturbance, and tear film instability with potential damage to the ocular surface. It is accompanied by increased osmolarity of the tear film and inflammation of the ocular surface."[@bib7]

Another issue is the threshold value of tear osmolarity. TearLab guidelines define abnormal tear film osmolarity by the reading \>300 mOsm/L, or when the inter-eye difference is \>8 mOsm/L. These changes indicate a loss of homeostasis and instability of tear film.[@bib6] TearLab has also introduced the dry eye disease severity grading scale, on which 300--320 mOsm/L is ranked as mild, 320--340 mOsm/L is moderate, and any measurement \>340 mOsm/L is considered severe. Evaluation of the diagnostic utility of tear osmolarity requires a cut-off value that would differentiate a healthy eye from an eye with loss of homeostasis as well as tear film instability; this is known as the threshold value. Reported tear osmolarity threshold values have varied from 305 mOsm/L to 316 mOsm/L. Currently, 308 mOsm/L is a widely accepted threshold. The tear osmolarity threshold of 308 mOsm/L was useful in correctly diagnosing dry eye and healthy ocular surface patients in 90.7% and 81.3% of the time, respectively; thus, this value appeared to be the most sensitive for differentiating between normal eyes and those demonstrating early stages of dry eye disease.[@bib26] According to the results obtained one week after cataract surgery, mean tear osmolarity in the study group increased from 301 mOsm/L to 311 mOsm/L, and the inter-eye difference increased to 10.1 mOsm/L. Therefore, 311 mOsm/L crosses the borderline normal range on the TearLab severity scale and the threshold used world-wide.

The definition of dry eye disease and significant tear osmolarity changes after cataract surgery indicate that dry eye disease is a temporary complication during the early postoperative period. Even if a significant increase in osmolarity and multifactorial etiology is registered, a closer inspection of cataract surgery as a process demonstrates that dry eye disease can only be a possibility because this research obtained no information about subjective symptomatology, which is the most important consideration in dry eye disease.

According to TearLab guidelines and generally accepted threshold values, the tear osmolarity rates and inter-eye differences in this study reached the dry eye disease level during the first week after surgery. During the first postoperative month, the TearLab and Schirmer I test differences between the study and control groups leveled off. Based on the definition from DEWS 2007, dry eye disease can be considered a temporary early complication after cataract surgery, but it has not been defined yet in terms of complexity. At the times when patient quality of life is becoming increasingly important, this study has obtained the results that will allow physicians to better understand early postoperative changes in ocular surface health after cataract surgery. This information is of value to patients as well as physicians. Tear film osmolarity and reflex tear flow changes can be used to explain temporary complications at an early stage in the postoperative period. The ability to anticipate and avoid unfavorable outcomes after cataract surgery would benefit both the patient and the surgeon.

This study has several limitations. The sample size was small, and there was no control group of dry eye patients. Also, patients with a variety of conditions predisposing eyes to postoperative dry eye, were excluded. In conclusion, this study shows significant tear film osmolarity changes in the study group the first day after cataract surgery and reaching dry eye disease level on postoperative week 1. Over the course of one month, the difference in tear osmolarity and Schirmer I test values for the study and control groups equalized. Larger studies with different categories of patients are recommended to elucidate our results.
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[^1]: SD: Standard deviation; min-max: Minimal -- maximal; η^2^: Effect size.
